Aim: Examine the effect of nursing interventions to improve vision and hearing, systematic assessment, and referral to sensory specialists on falling. Methods: Controlled intervention trial targeting hip fracture patients, 65 years and older, living at home and having problems seeing/reading regular print (VI) or hearing normal speech (HI). Intervention group = 200, control group = 131. The InterRAI-AcuteCare (RAI-AC) and the Combined-Serious-Sensory-Impairment interview guide (KAS-Screen) were used. Follow-up telephone calls were done every third month for one year. Results: Mean age was 84.2 years, 79.8% were female, and 76.7% lived alone. HI was detected in 80.7% and VI in 59.8%. Falling was more frequent among the intervention group (P = 0.003) and they also more often moved to a nursing home (P Ͻ 0.001) and were dependent walking up stairs (P = 0.003). Conclusions: This study could not document the effect of intervention on falling, possibly because of different base line characteristics (more females, P = 0.018, and more living alone P = 0.011 in the intervention group), differences in nursing care between subjects, and different risk factors. Interventions to improve sensory function remain important in rehabilitation, but have to be studied further.
Introduction
Vision, hearing, and combined sensory impairment are common among older people [1] [2] [3] and are known risk factors for falling. 4, 5 Falling is more common with increasing age and may result in injuries, such as fractures, that cause disability, fear of falling, and reduced mobility. Thus, falling is a threat to independent and healthy living. 6 Some multifactorial fall-prevention studies have included analysis of interventions to improve vision [7] [8] [9] and of recommendation for a hearing assessment. 10 Vision and hearing impairment are risk factors for imbalance [11] [12] [13] [14] and may hinder mobility and extend the time required to regain health after illness. Although it seems obvious that improving hearing and vision would have a benefi cial effect on reducing falls, the effect of such interventions in this context remains unclear. 15 Patients with hip fractures have a high risk for new falls and should be particular targets for fall prevention.
Unfortunately systematic evaluation of vision and hearing of elderly hospitalized patients is often neglected 31, 32 even though most sensory problems are potentially treatable or relieved by remedies and environmental adjustments. [33] [34] [35] [36] Information about sensory function is important for nursing care in elderly hip fracture patients because impairments may affect recovery. 37 To our knowledge, there are no previous intervention studies in hip fracture patients with a major focus on improving vision and hearing function to reduce new falls.
The aim of this study was to examine, for one year after hip fracture, the effect of nursing interventions to improve vision and hearing on falling. Simple sensory tests and systematic assessment, referral to specialist services, and an educational program were included in the intervention.
Methods

Sample and measurements
The study was performed in two orthogeriatric wards and one orthopedic unit in Norway. All patients admitted for accidental fall and The Resident Assessment Instrument-Acute Care (InterRAI-AC) 38 and Combined Serious Sensory Impairment, interview guide (KAS-Screen) 39 were used for screening and data collection.
The KAS-Screen consists of nine domains with 110 open and standardized questions. A sample of questions about vision and hearing was applied and is described in another paper.
The InterRAI-AC is validated and tested for reliability 38 and consists of 11 domains with 62 clinical items, including socio-demographic data, physical and mental functioning, medical conditions, and services. It includes several subscales. 38 The Norwegian version has been translated according to accepted procedures. The Cognitive Performance Scale 40, 41 identified cognitive impairment when the score was Ͼ0. The Delirium Score includes items concerning disorganized thinking and awareness and corresponds to the Confusion Assessment Method (CAM). 42 Loss of Personal Activities of Daily Living (PADL) 43 was defi ned as PADL Ն 4 (median value). Loss of Instrumental Activities of Daily Living, Involvement Scale, (IADL) 44 was defi ned as IADL Ն 4 (median value). Severe pain 45 was identifi ed with a pain score of 3. Comorbidity was defi ned as having diagnoses from two or more ICD-10 classes (organ systems). Polypharmacy was defi ned as using six or more drugs. 46 A fall was defi ned as an unexpected event in which the person comes to rest on the ground, fl oor, or lower level regardless of whether an injury was sustained. 47 A fall injury was considered present when the incident resulted in a head injury or a fracture or wound.
Data collection procedure
Specially trained registered nurses interviewed and assessed the patients, explored the hospital records, and interviewed family and staff. The patients were assessed approximately 72 hours after surgery, and information refers to the 24-hour period preceding the assessment. Information about the patient's condition three days prior to the fracture and the number of falls during the previous three months was obtained.
The nurses also performed the follow-up telephone calls every third month for one year with the patient or with a proxy or primary nurse if the patient was unable to give information. Reports based on the InterRAI-AC were conducted at three and twelve months. Information about falls, activity level, living arrangements, and specialist assignments was requested at each call. The number of falls was recorded up to 12 months or to death or withdrawal from the study. The date of the fi rst fall was set to 28 days before the telephone interview because the majority of the patients were unable to recall the exact date.
The hospital administration system was used to record readmissions to the hospital through the follow-up year. Reports from specialist services were also examined.
Screening
Sensory function was assessed with a hearing aid or glasses if normally used and available. Hearing impairment was categorized as mild (required quiet surroundings to hear well), moderate (a person talking must speak loudly, clearly, and precisely), or severe (extremely reduced hearing to no useable hearing) (score 1-3). Vision impairment was categorized as mild (reads large letters but not normal type sizes in newspapers), moderate (unable to read newspaper headlines, but recognizes objects), or severe (can only see light, colors, or contours to no vision) (score 1-3). Combined sensory loss was present with impairment in both vision and hearing. Patients who scored 0 (no impairment) on InterRAI-AC but reported vision and/or hearing to be fair to very poor (KAS-Screen) were classifi ed as having impairment. 
Intervention
The intervention was multifactorial and aimed at improving hearing and vision. Objective sensory tests were performed on those who scored positive and were candidates for intervention. A nurse (EVG) carried out vision examinations at the bedside. Donders' confrontation method, the Amsler grid test 1 and Titmus Fly Stereotest 48 gave information about, respectively, peripheral vision fi eld, central fi eld vision, and stereo depth perception. Visual acuity was measured by the Snellen method at a 3-m distance with glasses if normally used and available and was categorized according to the measurement on the better eye. An audiologist performed the hearing examination. Audiometric thresholds were established for frequencies of 500, 1000, 2000, and 4000 Hz and categorized by pure-tone average threshold on the better ear.
Ears were inspected with othoscopy and earwax removed. 49, 50 Hearing aid batteries, tubes, and fi lter were replaced when needed and service appointments organized. Glasses were cleaned daily during the hospital stay.
A pamphlet with information and individual education about vision and hearing, based on the work by Kee, Houde, and Tolson, [51] [52] [53] was given to each patient. The educational method was dialogue, a conversation between equal partners aimed to obtain insight and understanding of sensory impairment and reveal coping strategies that the patient could apply to optimize vision and hearing. 54 The educational session was timed to accommodate the patient's preference and treatment schedule. Patients were referred to a community occupational therapist when sensory remedies were needed.
Patients were offered an appointment with an ear-nose-throat (ENT) specialist or an audiologist when pure-tone audiometry (PTA) detected hearing thresholds of Ն35 dB, if hearing was reported to be fair to poor (KAS-Screen), or if they had mild to severe hearing impairment (RAI-AC). 55, 56 The patients were also offered an appointment at an eye clinic (ophthalmologist and optometrist) when visual acuity (VA) Ͻ 0.8, they failed the Donders test, Amsler grid, or Titmus Fly Stereotest, they reported vision to be fair to poor (KAS-Screen), or had mild to severe vision impairment (RAI-AC). 22 Patients with regular visits to specialists were asked to bring a letter about the study at next consultation. To avoid long waiting lists for specialist assessments, arrangements were made with an eye clinic and a hearing clinic (ENT specialist and audiologists). Twenty-six patients were offered a home visit by an audiologist/audio pedagogue to help with hearing aids and communication skills. 57 During the follow-up period, patients, relatives, and community staff received reminders about appointments with specialists and measures to improve sensory functions.
Statistical analyses
Based on the estimate from Shumway-Cook, 18 we calculated that we should include 400 patients to obtain a power of 80% to detect a 15% reduction in falls (controls, 50% falls; interventions, 35% falls) with a signifi cance level of 5%. However, because of resource limitations, the fi nal sample size was 331. The power was reduced by 1%.
Baseline and outcome data are presented as frequencies for categorical variables and mean values with standard deviation or median with interquartile range, when appropriate, for continuous variables. Differences between the intervention and control groups were tested using Pearson's Chi-square test for categorical variables; for continuous variables, the Mann-Whitney test or t-tests were used when appropriate. Odds ratios (ORs) are presented with 95% confidence intervals (CIs) for outcome variables.
The association between intervention and survival rate (time to fi rst fall) was assessed using a Cox proportional hazard model. Survival curves are presented graphically, controlled for age, gender, delirium, and urine incontinence. Dual sensory loss, new glasses/remedies, new/adjusted hearing aids, climbing stairs, feeling discouraged, nursing home residence, and living alone were excluded from the model one at a time in a step-down fashion. Likewise, any association between sensory treatment and survival rate (time to fi rst fall) was assessed using the Cox proportional hazard model. The following variables were excluded from the Cox proportional hazards model: dual sensory loss, climbing stairs, feeling discouraged, nursing home residence, and living alone.
All analyses were by intention-to-treat, using a lastvalue-carried-forward strategy. The Statistical Package for Social Sciences 58 was used for the statistical analyses and prepared as described in Peat and Barton. 59 The level of signifi cance was set to 0.05 (5%).
Ethics
We had initially planned to do a controlled study by recruiting participants for intervention and control, respectively, every other month. The Regional Committee for Medical Research Ethics did not approve this design because support for improved sensory functions then would have been given to some patients but not to others in the same ward and possibly at same time. The study was approved when intervention participants were recruited fi rst and control participants later. Written informed consent was obtained from all patients, and their relatives were informed.
Results
Baseline characteristics
The mean age was 84.2 years, 79.8% were female, and 76.7% lived alone. The intervention group and the control group differed in several variables, including gender and living alone (Table 1) .
Vision impairment alone was detected in 19.3%, hearing impairment alone in 40.2%, and 40.5% had combined sensory impairment. Vision impairment (P = 0.008) and dual sensory impairment (P = 0.006) were detected more often among the controls (Table 1) .
For visual function, 32.6% of the patients had mild, 13.0% moderate, and 7.8% severe impairment. The controls more often had mild or moderate impairment (P = 0.001), as assessed using RAI-AC. Eighteen percent of the patients had two or more eye diagnoses. Fifty percent with cataract had not had surgery, and the proportion was higher in the intervention group (P = 0.002) ( Table 2 ).
The severity of hearing impairment was similar between the two groups: 49.5% with mild, 27.8% with moderate, and only four patients (1.2%) with severe loss, who were practically deaf, as assessed using RAI-AC. Eleven percent had problems related to acoustic trauma, diseases, congenital factors, or ototoxic medication (Table 2) . Earwax was removed in 29.5% of the patients during the initial hospital stay.
Results from the pure-tone audiometry and visual acuity assessments (n = 186) is described in another paper.
Specialist assignments
On their own initiative some participants in the control group contacted specialists to take care of their vision and hearing impairment during the follow-up year (36.6% and 10.7%, respectively). As for the intervention group, 46.0% visited specialists for their vision and 36% for hearing impairments (Table 3) . Both groups received little help in the fi rst three months after discharge but specialist intervention frequencies increased as the year progressed. Of the 78 persons in the intervention group who did not see a vision specialist as recommended, 64% were too ill, 24% did not want to, were tired, or had no one to accompany them, 12% provided no explanation. Of the 99 intervention patients who did not visit a hearing specialist as recommended, 39% were too ill, 47% replied that it was unnecessary or that they were too tired or had no one to accompany them, and 13% provided no explicit reason.
Falls
Cox proportional hazard model shows the association between intervention and survival rate (time to fi rst fall) in curves controlled for age, gender, delirium, and urine incontinence (p = 0.004) (Figure 2 ). During the follow-up, falls were more frequent in the intervention group than in the control group (Table 3, Figure 2 ), but there was no difference in falls causing injuries between the groups (Table 3) . Totally 117 (35.3%) of all the subjects included in the study received treatment by hearing and/or vision specialists during the follow up year. Any association between the sensory treatment and survival rate (time to fi rst fall) was likewise shown using the Cox proportional hazard model. There were no differences in falls between participants provided with sensory treatment/new sensory remedies and those without, independently of group assignment (p = 0.395) (Figure 3 ). In analysis of subgroups of controls from hospitals B and C and the intervention group, there was no difference in falls. However, between the control group from hospital A and the intervention group (from the same hospital), there was a difference in falling (P Ͻ 0.0001), in falling twice or more (P = 0.003), and in the number of falls (P Ͻ 0.0001, SE difference 0.3, 95% CI, 1.7-0.5). Most falls (65.1%) happened during daytime in both groups. Patients in the intervention group fell more often because of "the legs giving away" (P Ͻ 0.0001). For other explanations of falls (stumbled, got stuck and slipped), there were no differences.
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Discussion
Disappointingly, this intervention did not reduce the number of falls in the fi rst year after a hip fracture. There was even an increase in falls in the intervention group compared to the controls in hospital A. However, the frequency of injuries from falls was the same between the intervention group and control group.
There are many possible explanations for these fi ndings. Other health and functional problems may have dominated and hidden the possible positive effect of the intervention. Muscle weakness, diabetic polyneuropathy, or cerebral-and cardiovascular diseases are common in this patient group and are well-known risk factors for falls. 5, 60, 61 Although the nurse-patient dialogues were timed according to the patients' preference during the hospital stay, some patients were may not have been ready for this kind of conversation so early in the recovery process. The hip fracture, rehabilitation, pain, and discouragement might have dominated their focus of attention. The written information and quarterly telephone calls was intended to strengthen the patients' and relatives' understanding and refl ection about actions to take to maximize vision and hearing function. However, these measures might not have been suffi cient for patients to actually carry out necessary actions. Furthermore, adjustment to new glasses, hearing aids, and other remedies might be diffi cult at a time of increased vulnerability. Additionally, medical treatment such as surgery and medication might have had adverse affects, including dizziness and reduced sensory function. This may have contributed to more falls, particularly shortly after treatment initiation. Another explanation could be that people who have begun a special intervention to improve vision and hearing are more active and have an increased risk for falling. However, lack of physical activity is probably a greater threat to this patient group. 62 Differences between the intervention participants and the control group may explain the lack of effect of our intervention. Baseline data showed that more patients in the intervention group suffered from urine incontinence, were female, were living alone, and were discouraged (Table 1) ; all are risk factors for falling. 5, 63 In the follow-up period, more intervention participants resided in a nursing home and needed assistance when climbing stairs. The prevalence of falling is higher in nursing homes 64, 65 and among elderly with diffi culties in climbing stairs. 66 Being female and suffering from urinary incontinence were signifi cant factors in a Cox regression model of falls in the current study. Delirium was a more common complication during the hospital stay among the control participants and is believed to increase the risk of falls. However, this effect might have interacted with the other factors.
Patients and their relatives recorded falls when the patients lived at home, while nursing staff recorded falls in nursing homes. Documentation of falls is a standard procedure in nursing homes in this city and might thus be more accurate than documentation of at home falls. Reporting of falls that involved injuries is probably more accurate than falls without injuries. There were no differences in falls causing injuries between the intervention and control groups.
The unexpected result may also have been biased by the fact that the patients were aware of whether they received interventions or not. 67 The nurses who performed the interviews were not blinded to the groups and might also have infl uenced the results. Usually such factors will result in a bias towards a positive effect for the intervention group. 68 The participants were not randomly selected for assignment to intervention or control. The intervention participants were included fi rst, in a newly established orthogeriatric unit. During the study period, the routines and quality of care in the unit probably improved. The control participants were included later from this hospital (A) with more experienced staff and improved routines. Most likely the staff in hospital B had also gained high competence in the geriatric fi eld. The orthogeriatric units were established at the same time. Comprehensive geriatric assessment (CGA), in combination with a prevention program, 69 is a cornerstone in an orthogeriatric unit, 70, 71 and implementation is believed to take some time. Follow-up routines by a physiotherapist after three months were established in hospital A during the study period and might also have prevented falls in the control group.
It is not known whether the increased number of falls in the intervention group might have been even higher without the intervention, as indicated by Davison and colleagues. 17 It is also possible that an intervention effect is delayed and might have manifested after a follow-up period. Consultations by specialists took place during the whole year and could support this explanation. It is also well known that it takes time to accept the idea that a hearing aid is necessary. 72 The awareness of sensory impairment and need for intervention was communicated to the nursing staff during the intervention period. An improved attitude to vision and hearing improvement might therefore have been included in the daily nursing care of control patients. The number of control participants provided with visual treatment and remedies during the follow-up period supports this explanation. In addition, communication with the nurses in the follow-up interviews might have inspired control participants to see a specialist. In the analysis of patient subgroups according to "provided treatment/new sensory remedies" and "no treatment/no new sensory remedies," there was no difference in falls. The same result emerged between subgroups of controls from hospitals B and C and the intervention group. However, the control group in hospital A had less falls in the follow up year compared to the intervention group, most likely because of improved treatment and rehabilitation, better nursing care and the introduction of CGA and a fall prevention program. Fewer patients in the control group (Hospital A) felt discouraged and suffered from urine incontinence during the hospital stay, factors associated with increased risk of falling. 5 The most likely explanations for the lack of effect of our intervention are different baseline characteristics, improvement of care from the time of inclusion of intervention participants to inclusion of controls, and differences in other health and functional problems that might have contributed to the risk of falling.
Another limitation of the study is that some patients with vision problems might not have been included because of shortcomings of the screening procedure; loss of peripheral visual fi elds, depth perception, and distance visual acuity were not tested in the screening procedure, and self report and a reading test would not be able to unmask such problems in every patient. We believe that the methods for detecting hearing impairment were better, although some patients reported "no hearing problem" yet were unable to hear normal speech. This discrepancy might be the result of a gradual adjustment to withdrawal from social contact.
A fi nal limitation was that we did not receive specialist reports for the control patients and for patients with specialist contacts established prior to this study, but relied on the patient's own information about the consultations.
Conclusions
Vision, hearing, and combined impairments are very common in hip fracture patients, but this study could not document the effect of hearing and vision interventions conducted by nurses on improving falling frequency.
Nevertheless, in nursing care for hip fracture patients, we believe that detection of vision and hearing impairment and interventions to improve such functions are important not only to prevent future falls, but also for the rehabilitation process.
It is a challenge to design future studies to explore the effect of vision and hearing intervention on falling in this patient group. Other treatment and care must be similar, and for ethical reasons, patients with and without intervention must not be mixed. The best way to achieve appropriate data is probably to screen and randomize patients as soon as possible after surgery and then to transfer them to two different units that are as similar as possible in all variables except for the intervention. An alternative is to include and randomize all patients without screening because vision and hearing impairment is so common among hip fracture patients.
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